Study Design. Experimental randomized crossover. Objective. The aim of the study was to determine whether sitting on a ball for 90 min/d instead of a chair has an effect on low back pain (LBP), low back disability, and/or core muscle endurance. Summary of Background Data. LBP may result from prolonged sitting. It has been proposed that replacing chairs with stability balls can diminish LBP in those who sit for prolonged periods. Research on the topic is sparse and inconclusive. Methods. A total of 90 subjects (university students, staff, and faculty, ages 18-65, who sit !4 hr/d) were randomly assigned to the intervention or control group for the first part of the study. Baseline data were collected: Oswestry Disability Index, a numerical pain rating scale for LBP, and four core muscle endurance tests. For 8 weeks, the control group sat on their usual chair. The intervention group sat on stability balls 5 d/wk, increasing up to 90 min/d. Baseline measurements were repeated postintervention. After a washout period, subjects switched groups, and the procedures were repeated-70 completed participation in control group and 76 in intervention group. Results. There were no statistically significant differences for pain or disability in either group (P > 0.05). Changes in isometric trunk flexion (P ¼ 0.001), nondominant side plank (P ¼ 0.008), and Sorensen (P ¼ 0.006) endurance scores were significant within the intervention group but not the control group.
N onspecific lower back pain (LBP) is a common problem. 1 Over two of three adults experience LBP at some point in their life, and between 12% and 44% are experiencing LBP at any given moment. 2, 3 The estimated total direct cost for chronic LBP was $96 million/yr, according to a 2012 study, with even greater indirect costs. 4, 5 There is a common perception, supported by a number of research studies, that LBP is particularly prevalent in those who sit for prolonged periods. [6] [7] [8] [9] [10] [11] [12] According to one systematic review, sitting for more than half a workday (4 hr) is associated with increased incidence of LBP, 13 and a 2014 study revealed an association between prolonged sitting and LBP. 14 More recent research that supports a relationship between sitting and LBP, however, does so only indirectly, by examining mechanisms by which sitting could cause LBP. 12, [15] [16] [17] Four recent systematic reviews and a Lancet Seminar have found insufficient evidence to conclude that prolonged sitting is positively associated with LBP. 1, 13, [18] [19] [20] Any association between LBP and prolonged sitting is particularly concerning because approximately 75% of workers in industrialized countries have occupations that require prolonged sitting, and the proportion of people who work in an office is increasing worldwide. 1, 13, 21, 22 One proposed solution to LBP is to replace traditional office chairs with stability balls. Research on this topic is sparse, and most studies have small sample sizes and are conducted within a controlled laboratory setting. Advocates of this solution argue that ball-sitting will increase core strength, posture, and/or spinal motion, which might improve LBP. [23] [24] [25] [26] [27] Although some studies indicate that sitting on stability balls may induce activation of core muscles and improve posture, they also indicate potential downsides to sitting on a ball. 23, 24, [26] [27] [28] 29, 30 A recent high-quality systematic review of seven electromyography (EMG) studies concluded that sitting on unstable surfaces is not effective as a standalone intervention for LBP. 31, 32 Of the seven studies, five found no increased activation of core muscles when sitting on unstable surfaces, and the authors point out that of the two that find a difference, this could be a result from the absence of a backrest. In some cases, the ball-sitting was associated with discomfort and spinal shrinkage. 23, 24, 31, 32, 29 Only one study with an experimental design, published by Schult et al, 33 examines the direct relationship between sitting on a stability ball and LBP outside a laboratory. They used several outcome measures to compare ball-sitters with chair-sitters. They found that ball-sitting for up to 90 min/d was associated with perceived improved posture, balance, and energy levels at work. Although they found, on average, ball-sitting was initially more painful than chair-sitting, they also found that the pain experienced while ball-sitting decreased significantly over a month.
Because Schult et al's study is the only longitudinal study that evaluates ball-sitting and because their outcome measures were primarily subjective, there is a need for further investigation. In addition, the lack of recent high-quality evidence to support a correlation between LBP and prolonged sitting undermines clinical reasoning that LBP will improve when an office worker changes his/her sitting surface.
The purpose of this study was to determine whether sitting on a stability ball, instead of a chair, for up to 90 min/d over an 8-week period would influence (1) core endurance, (2) nonspecific LBP, and/or (3) disability resulting from LBP. The secondary purpose of this study was to determine whether sitting on a ball would prevent an increase in LBP-related disability.
MATERIALS AND METHODS

Subjects
After university Institutional Review Board approval was obtained, individuals were recruited with campus-wide emails and flyers. Inclusion criteria were (1) self-report of sitting an average of 4 hr/d, 5 d/wk; (2) status as a university student, faculty, or staff; and (3) age of 18 to 65 years. Exclusion criteria were (1) back symptoms that radiated distal to knee, (2) pregnancy, (3) presentation of obvious balance deficits, and (4) weight exceeding the 600-pound limit of the balls. The a priori power analysis indicated that 76 participants were needed. Ninety individuals were enrolled (see Figure 1 for CONSORT diagram).
Measurements
Three types of measurements were recorded: LBP severity, disability secondary to LBP, and core muscle endurance. An 11-point numeric pain rating scale (NPRS), spanning 0 to 10, was used to document LBP severity. Prior research indicates that this is one of the most commonly used measurements for LBP and may be easier to understand and more practical than other methods when considering responsiveness to change, ease of administration, and sensitivity. 34, 35 The Oswestry Disability Index (ODI) was used to document disability secondary to LBP. The ODI is one of the most commonly used outcome measures for the evaluation and treatment of LBP and is valid, reliable, and responsive. [36] [37] [38] Three core endurance tests were used to document the endurance of each subject's trunk muscles: the Sorensen, isometric trunk flexion, and side plank tests. According to a review of literature on isometric back extension endurance tests, the Sorensen is the most clinically useful test because it is easy to perform without any special equipment. 39 The other measures are also commonly used. Normative endurance test times have been established (Table 1) for healthy individuals. 40 Another study reported the intraclass correlation coefficient for intratester and intertester reliability for the Sorensen to be 0.79 to 0.80 and 0.78, respectively, and the intraclass correlation coefficient for intratester and intertester reliability for isometric trunk flexion to be 0.90 to 0.92 and 0.89, respectively. 41 
Data Collection
Subjects signed a consent form and completed a medical history questionnaire to ascertain inclusion/exclusion criteria. Using a computerized random number generator, simple randomization was used to assign subjects to either the intervention or control group for an 8-week intervention period. After an 8-week washout period, the original control group received the intervention, and the original intervention group became the control for an additional 8-week intervention period. Neither subjects nor researchers were blinded to group assignment. The intervention and washout duration were determined to be 8 weeks to allow sufficient time for core muscle hypertrophy but short enough to align with the academic calendar because many study participants were not available to participate during academic holidays. 42 Baseline data were collected including ODI, NPRS, and core endurance test scores (conducted as described in Table 1 ) at the beginning of each 8-week intervention period. Throughout the intervention period, weekly NPRS and adverse event data were collected using online surveys.
ODI, NPRS, and core endurance data were collected again after each 8-week period. To avoid recall bias, participants were instructed to record NPRS representing their LBP at the time of filling out the pain survey. Because the LBP of interest is chronic in nature, this method of data collection was deemed sufficient to detect relevant pain.
Intervention Procedure
The intervention group replaced their chair with an assigned stability ball for a set amount of time each day for 5 d/wk, and the control group continued to use their usual seating. Subjects were assigned a ball size at which the subject's hips and knees were approximately 908 angles, both feet were firmly on the floor, and the height was comfortable for typing or writing. These criteria were based on the Shult et al's study procedures and the recommendations of the American College of Sports Medicine. The intervention group was instructed to sit on the ball for 56 min/d for 5 to 7 days during week 1. Each week, exercise ball time increased by 10%. By the sixth week, subjects were sitting on the ball for 90 min/d, and they maintained this time for weeks 7 and 8. The gradual increase was designed to minimize risk of injury secondary to a new sitting position.
Data Analysis
First, descriptive statistics were run on the demographic data. Second, statistics were run on demographic and baseline outcome variables to determine whether the control and intervention groups were statistically similar. A x 2 test of independence was used for sex. Because a KolmogorovSmirnov test for normality indicated that age, height, weight, body mass index, NPRS, ODI, and core endurance 
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Because the outcome variable data were not normally distributed, nonparametric tests were used to analyze data to answer research questions. Alpha level was set at 0.05 unless a Bonferroni correction was required. For all tests, missing data were not included in analysis. All tests were, however, repeated with mean substitutions for missing data.
RESULTS
Eighty-one percent of the participants were female, and 19% were male. Other demographic statistics are in Table 2 . The x 2 test of independence revealed that sex distributions in the control and intervention groups were statistically similar. The Mann-Whitney U tests revealed that none of the demographic and baseline outcome measure variables were significantly different between the control and intervention groups.
The primary purpose of the study was to determine whether ball-sitting influences (1) core endurance, (2) nonspecific LBP, and/or (3) disability resulting from LBP. Within-group comparisons, made using Wilcoxonsigned rank tests for each of the outcome measures, revealed that, within the control, there was no significant change in any of the variables from preintervention to postintervention. Within the intervention group, there was no significant change in NPRS, ODI, and dominant side plank endurance times. There was, however, a significant increase in isometric trunk flexion (P ¼ 0.001), nondominant side plank (P ¼ 0.008), and Sorensen (P ¼ 0.006) measures (Table 3) . When running analysis using mean substitution for missing data, the dominant side plank endurance time difference was significant within the intervention group (P ¼ 0.007). Between-group comparisons were made with the MannWhitney U test. There was no significant between-group difference for NPRS, ODI, and side plank endurance times. The intervention group, however, showed a significantly greater pre-post difference in both isometric trunk flexion (P ¼ 0.005) and Sorensen (P ¼ 0.010) endurance tests times when compared with the control group ( Table 4) .
The second purpose of the study was to determine whether ball-sitting prevents an increase in LBP-related disability. 24.3% of those in the control had an increase in their disability score (ODI), whereas only 14.5% of those in the ball group had an increase, indicating that ball-sitting may have a protective effect. This was, however, not a statistically significant difference.
DISCUSSION
There was no statistically significant difference between the control and intervention groups for change in LBP or disability. For a change in ODI score to be clinically relevant, there must be a 65% change in the score, and the minimal clinically important difference for NPRS for LBP is 2.2 points at 4 weeks of a particular intervention. 43, 44 Not only were the ODI and NPRS score changes not statistically significant, they were also not clinically significant. These findings suggest that, in a population of people 18 to 65 with or without LBP, ball-sitting for 90 min/d instead of a chair in the home or work environment may have no impact on LBP and related disability over an 8-week period.
It is, however, interesting that, while almost a quarter of chair-sitters had an increase in ODI scores over 8 weeks, only 14.5% of ball-sitters did. Although these results are not significant, they do indicate a potential preventative relationship between ball-sitting and disability that should be investigated during future research.
This study does provide evidence that ball-sitting can help improve one's core muscle endurance. Within-and betweengroup analyses indicated that the increase in isometric trunk flexion and Sorenson endurance scores was statistically significant. Given the fact that side plank measurements did not significantly improve, it is possible that ball-sitting targets dorsal and ventral core muscles more than the oblique abdominals, which provide lateral strength necessary for side planks. Ball-sitting may require more sagittal plane corrections, and thus strengthen trunk flexors and extensors more than lateral flexors.
These findings are slightly incongruous with the small body of existing literature on ball-sitting. Prior research on the effect of ball-sitting on core muscles is primarily limited to EMG data that compare core muscle activation during ball-sitting versus chair-sitting, and, as discussed in the introduction, the findings of each study have varied greatly. 24 -28 The following muscles demonstrated increased activation during ball-sitting in at least one EMG study: transversus abdominis, rectus femoris, external obliques, internal obliques, erector spinae, and rectus abdominis. As demonstrated by this list, these studies did not find that muscles acting in the sagittal plane were more affected than those in the frontal plane. Perhaps the intensity of activation varied by muscle, which could account for the improved endurance in the sagittal plane but not the frontal.
In the existing literature, Schult et al's study was the only study that had a similar design and purpose as the current study. 33 Like Schult et al's study, the current study also found insufficient evidence to support a relationship between ball-sitting and LBP. The current study also examined LBP-related disability and again found no relationship.
The current study differs from other relevant studies in three ways: study design, sample size, and duration of intervention. Most of the studies investigating ball-sitting were observational and conducted in a laboratory. The current study was unique in its experimental, randomized, crossover design, which helped to control for personal and demographic variables.
Sample sizes in prior research studies tended to be relatively small. For example, Gregory et al investigated EMG activity on low back muscles using 14 subjects, as well as O'Sullivan et al, who used 26 subjects, which may have contributed to the lack of statistical significance. 24, 45 In the current study, an a priori analysis determined that 76 individuals were required for both groups, which was accomplished in the intervention group (n ¼ 76) and just shy in the control group (n ¼ 70).
Lastly, the amount of time each subject was exposed to the intervention in the existing literature was significantly less than in the current study. O'Sullivan et al 45 observed lumbopelvic kinematic changes and EMG muscle activation for 5 minutes on both a stable and unstable surface. Similarly, both Kingma et al and Gregory et al required that each participant sit on the chair for 1 hour and the ball for 1 hour. 23, 24 In the current study, participants were instructed to ball-sit 90 min/d, 5 d/wk, for 8 weeks.
Given the increased duration, the use of the ball in the home or work environment, and the larger sample size, the current study may have more generalizable findings than prior research. This study, however, had a number of limitations as well. Although the 8-week intervention period was longer than most prior research, it is still a short window of time, compared with the time it takes for LBP to develop. Future ball-sitting interventions should span a longer duration.
Other limitations included accountability, sample population, and ball-sitting duration. There was no mechanism to hold participants in the ball group accountable for the duration and frequency of ball-sitting. The sample population was a convenience sample of college students, faculty, and staff; and 81% of the study sample was female. Future studies should utilize a more specific population: individuals already experiencing LBP secondary to core instability. Also, it would be useful to incorporate longer periods of ball-sitting, perhaps even replacing the office chair entirely.
This study looked at a broad population and did not discriminate between different kinds of LBP. Future studies might explore the effect of ball-sitting on specific types of LBP, such as LBP that has been diagnosed by a physical therapist as resulting from core instability. In addition, this study permitted individuals who had no LBP to participate. Although this allowed researchers to look at the prevention effect of ball-sitting on the general population, it made it more difficult to pick up on decreasing pain or disability because many individuals started at very low levels to begin with.
CONCLUSION
This study provides evidence to support the use of ballsitting to improve sagittal plane core endurance. Analysis did not find that ball-sitting prevented, increased, or decreased LBP or disability. Although ball-sitting may be used as an adjunct treatment related to core instability, clinicians should rely on other, evidence-based treatments for LBP.
Future research on this topic is recommended and should look at individuals who ball-sit for longer periods and who suffer specifically from back pain secondary to core instability. Future studies should also cover a longer period of time, to pick up on gradual changes in LBP and on potential protective effects of ball-sitting.
Key Points
Sitting on a stability ball, instead of a chair, for 90 min/d for 8 weeks improves endurance for core muscles in the sagittal plane. Sitting on a stability ball, instead of a chair, for 90 min/d for 8 weeks has no significant effect on LBP or associated disability. Future studies on the effect of ball-sitting on LBP should examine a population of individuals who have LBP secondary to core muscle instability.
